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Abstract: Groundwater quality is a crucial parameter for sustainable wetland management. The evaluation of the aquifer vulnerability
is important for the protection of groundwater resources. The DRASTIC model is the most significant technique for the assessment
of aquifer vulnerability. This study aimed to build a vulnerability map for groundwater of the Salda Lake wetland basin by DRASTIC
method in a GIS environment. Seven environmental parameters (depth to water table, net recharge, aquifer media, soil media,
topography, impact of the vadose zone media, and hydraulic conductivity of the aquifer) were used in the DRASTIC method and GIS
was used to constitute a groundwater vulnerability map. This study showed that 13.71% of the area had high pollution potential, 10.13%
had moderate pollution potential, and 76.15% had low pollution potential in respect to groundwater pollution. Intensive agricultural
activities are carried out in the study area. The DRASTIC vulnerability index value of the study area was well correlated with the nitrate
map of the study area. In addition, Salda Lake protection areas were determined. All of the defining protection areas of the Salda Lake
are within the most sensitive areas in DRASTIC map.
Key words: Groundwater vulnerability, DRASTIC model, lake protected zones, Salda Lake, Burdur, Turkey

1. Introduction
The need for proper management and conservation of
natural aquatic ecosystems has long been recognized,
especially in cases where the ecosystem serves as a source
of fresh water. A specific problem emerges with respect
to lakes in regions where water resources are principal
limiting factors for economic development (Hambright et
al., 2000).
A lake is a reflection of its watershed. The watershed
is all of the land and water areas that drain toward a
particular waterway or lake. The lake watershed “system” is
a functioning unit with interacting biophysical, chemical,
and anthropogenic components. Each lake and its
watershed are a unique system. The surface water quality
depends not only on natural processes, i.e. precipitation
inputs, erosion, and weathering of crustal materials,
but also on anthropogenic influences (Mallick, 2017).
Here domestic and agricultural consumption generally
predominate over other water uses (Davraz et al., 2019).
Groundwater is one of the significant recharging
sources and components of lake waters. At the same

time, groundwater is the main water source in most
areas (Navada et al., 1993; Jamrah et al., 2008; Yin et al.,
2013). Groundwater pollution is an important problem.
Various anthropogenic factors and land use types pollute
aquifers and consequently groundwater. Many methods
have been improved to conserve groundwater resources
from pollution. The most frequently used groundwater
vulnerability mapping method is an empirical model
called DRASTIC which estimates the groundwater
contamination vulnerability of aquifer systems based on
the hydrogeological settings of the area (Shirazi et al., 2013).
The DRASTIC method has been developed by Aller et al.
(1987) from the US Environmental Protection Agency and
has been used by different researchers (Baalousha, 2006;
Jamrah et al., 2008; Shirazi et al., 2013; Yin et al., 2013;
Neshat et al., 2014; Saida et al., 2017).
The DRASTIC method regards that; (a) contamination
occurs on the ground surface; (b) the contaminant
is transported to the groundwater by rain; (3) the
contaminant moves along with water; (4) the areas
where the DRASTIC method is applied are 0.4 km2 or
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larger (Rosen, 1994). The DRASTIC method consists
of hydrogeological settings and the utilization of the
relative ranking of hydrogeological factors in a numerical
environment (Lee, 2003). Hydrogeological conditions aid
to evaluate the relative groundwater pollution potential.
As an example, an entropy-based model has been
developed in a recent study to evaluate the risk of
groundwater pollution in a hydrogeological system.
Therefore, the vulnerability assessment through the
DRASTIC model in any hydrogeological system could
be replaced by the developed entropy-based model in
the future that will help in the protection and design
plugging remedial measures at a microscale for portable
and sustainable groundwater management (Mondal et
al., 2018).
Salda Lake has special importance as one of the few
modern environments where hydrous Mg carbonates
are the dominant precipitating minerals, and was
chosen as one of the important wetlands that must be
protected, in 2008. Wetlands are one of the world’s largest
water resources and are considered the world’s natural
museums because of its rich biological diversity. Wetland
ecosystems are environments where different living
species in the food chain continue their lives. Therefore,
protection and sustainable management of wetlands and
transmission to future generations as healthy are of even
greater importance. For the sustainable management of
wetlands, there are many applications and regulations
in both international and national fields. The most
important of these is the Convention on the Protection of
International Importance Wetlands, which is subject to
the Water Framework Directive on October 23, 2000. In
addition, at the national level, “Regulation on Protection
of Wetlands” was implemented in 2002 by the Ministry of
Water Affairs and Forestry of the Republic of Turkey. The
boundaries of the wetland protected areas are determined
by these regulations. For defining protection areas,
activities to be carried out within the boundaries are
organized, and wetland is controlled against pollution.
Besides, the Salda Lake wetland basin is an important
drinking water source for this region. Therefore, the
Salda Lake wetland basin was chosen as the study area.
However, a comprehensive management plan which
includes water quality and pollution surveys have not
been prepared. The lack of a management plan for the
basin endangers the natural and ecological future of the
study area. Therefore, primarily, groundwater sensitivity
was determined by using the DRASTIC method and
ArcGIS technologies. This research is an important step
for the Salda Lake wetland basin management plan. In
addition, lake basin protection areas were determined
and the relationship between these areas and groundwater
sensitivity was investigated.
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2. Material and methods
2.1. Study area
The Salda Lake wetland basin is located within the Lake
District at latitude 37°27′53.60″–37°38′5.9″ N, longitude
29°32′23.85″–29°46′40.55″ E in southwest Turkey. It has
a 207.14 km2 watershed area. Salda Lake, which is one of
the deepest (184 m max. depth) lakes of Turkey, is located
within the study area (Figure 1). Generally, climate of this
wetland is influenced by Mediterranean climate zone in the
middle Anatolian climate zone. The annual rainfall data
for the Salda Lake Basin were obtained from the General
Directorate of State Hydraulic Works. The rainfall map
was obtained by interpolating the 37-year mean of annual
precipitation (mm/year) from four meteorological stations
(Tefenni, Acıpayam, Burdur, Denizli). The mean rainfall
is 494.10 mm and the mean actual evapotranspiration is
326.54 mm in this region (Varol et al., 2017). The annual
average precipitation map of the basin was prepared with
distance-weighted (IDW-Inverse Distance Weighted)
interpolation method using ArcGIS software.
2.2. Geology and hydrogeology
Autochthonous and allochthonous rock units crop out
within the investigated area. The autochthonous units
are the Çameli Formation, alluvium and slope debris.
The allochthonous units are composed of the Marmaris
peridotite dunite member, the Iğdir metamorphites,
the Kızılcadağ melange and olistostrome, the Orhaniye
Formation, and the Dutdere limestone (Poisson, 1977;
Erakman et al., 1982; Şenel et al., 1997), (Figure 1). The
Çameli Formation is composed of sandstone, claystone,
marl, clayey limestone, and conglomerate rocks (Şenel et al.
1989), and this unit is Pliocene in age. Quaternary alluvium
and slope debris are situated in the study area as neoautochthonous cover rocks. The allochthonous units in
the study area belong to the Lycian Nappes. The dominant
rock types of the Marmaris peridotite are harzburgite
and serpentinized harzburgite. The dunites mapped as
a member of the Marmaris peridotite are observed in
the Marmaris peridotite at flatter topographies than the
harzburgites (Şenel et al. 1997). The Igdir metamorphites
consist of amphibolite, amphibolite schist, marble,
quartzite, and metabasalt. The Iğdir metamorphites formed
by metamorphism of volcano–sedimentary rocks and are
of Cenomanian–Turonian age (Şenel et al., 1997). The
Kızılcadağ melange and olistostrome include radiolarite,
chert, cherty limestone, neritic limestones, basalt, spilite,
tuff, gabbro, and diabase blocks (Bilgin et al., 1990); they are
of Upper Senonian age. The Orhaniye Formation consists
of radiolarite and intercalated chert micrites. The Orhaniye
Formation is tectonically overlain on the ophiolitic
melange of Kızılcadağ and is Jurassic–Cretaceous in age.
The Dutdere limestone consists of recrystallized limestones
with medium-thick beds and, in some places, megalodons.
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Figure 1. Location and geology maps of the study area.

The stratigraphic units within the study area have
different hydrogeological characteristics. These units are
qualitatively grouped as permeable-1 (granular aquifer–
alluvium and slope debris), permeable-2 (karstic aquifer–
Dutdere limestone), semipermeable (Çameli and Orhaniye
formations, Marmaris peridotite and dunite member)
and impermeable (Kızılcadağ melange and olistostrome
and Iğdir metamorphites). Peridotite and dunite units
are generally accepted as impermeable. However, these
units can contain considerable amounts of groundwater

depending on their spread and fracture–crack frequency.
Numerous springs are discharged in the basin from fractures
and cracks of the Marmaris peridotite and dunite units. A
large majority of these springs are in the lake shore and
feed Salda Lake. For this reason, the Marmaris peridotite
and dunite units in the Salda Lake basin were evaluated as
semipermeable. Alluvium, the most significant aquifer in
the region has an area of 34.84 km2 in average. The well logs
indicate that the thickness of the alluvium ranged from 5 to
60 m in the study area (Varol et al., 2017; 2019).
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2.3. The DRASTIC method
Firstly, DRASTIC was devised by the US Environmental
Protection Agency to estimate groundwater pollution
potential (Aller et al., 1987). Later this method was widely
used more and more in the world (Babiker et al., 2005;
Javadi et al., 2011; Şener and Davraz, 2013; Shirazi et al.,
2013; Kumar et al., 2014; Muhammad et al., 2015; Mondal
et al., 2017). The DRASTIC uses seven parameters i.e. D
(depth to water), R (net Recharge), A (aquifer media), S
(soil media), T (topography), I (impact of the vadose zone
media), and C (hydraulic conductivity of the aquifer)
(Aller et al., 1987). The aim of the method is to describe
the areas that require special attention for pollution. The
DRASTIC method evaluates the pollution potential by
combination of the seven parameters that have different
ratings. The ratings extend from 1 to 10 (from the lowest to
the highest pollution potential). This rating is then scaled
by a weighting factor ranging between 1 and 5 (from the
lowest to highest). Total weight of the each parameter was
calculated by multiplying rating and weight values of the
parameter (Table 1). The DRASTIC index is the sum of a
total of rating and weights (Şener et al., 2009; Varol and
Davraz, 2010). The DRASTIC vulnerability index (Dvi) is
calculated by using Eq. (1):
Dvi=Dr×Dw+Rr×Rw+Ar×Aw+Sr×Sw+Tr×Tw+Ir×Iw+Cr×Cw (1)
Here capital letters indicate corresponding parameter,
and suffixes (r and w) indicate the assigned rates and
weights, respectively. The rating ranges were determined
depending on the properties of the study area only. The
range component divides each DRASTIC parameter into
several classes, or significant media types that may affect the
potential for pollution. This rating range may change from
one study area to another. Good knowledge of the geology
and hydrogeology of the research area is a prerequisite to
determine rating ranges of the parameters (Şener et al.,
2009). In this study, the range of each parameter resulted
between four and seven classes (Table 1). If minimum
and maximum rating values do not change, the number
of range classes will not affect the obtained result. For
example, the depth to water table parameter is divided into
three classes and rating values of 9, 5, and 1 were assigned
for depths 0–10, 10–20, and 20–30 m, respectively. Then,
the same parameter was divided into six classes and rating
values of 9, 8, 7, 5, 3, and 1 were assigned for depths 0–5,
5–10, 10–15, 15–20, 20–25, and 25–30 m, respectively
(Şener et al., 2009). When the DVI value was calculated
and the vulnerability classes (high, medium, low) were
determined using the quantile classification method,
nearly the same results were obtained. This shows that
rating value is more important than the range classes in
the DRASTIC applications. The DRASTIC system allows
the user to determine a numerical value of the DVI that
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shows areas more likely to be susceptible to groundwater
contamination relative to others (Şener et al., 2009).
A higher DRASTIC vulnerability index shows greater
groundwater pollution vulnerability (Şener et al., 2009).
The numerical weights found by using the Delleur
(1999) technique were shown in Tables 1 and 2. According
to the Delleur (1999) model, DRASTIC risk assessment
is made between 100 and 200< index values (Table 2).
The highest value of the DRASTIC vulnerability index
indicates the most polluted areas of the aquifer. The
groundwater vulnerability mapping was made by using the
ArcGIS software. The major benefit of GIS-based mapping
is that it consists of a combination of various data types
and changes in parameters used to categorize groundwater
sensitivity (Wang et al., 2007).
In this study for D (depth to water), the groundwater
level measurements were made in 8 wells (because there
are only these wells) in the study area in November 2015
and the coordinates of the wells were determined by using
a GPS receiver (Figure 2). The maximum weight (5) value
was given to the depth to water parameter according to
pollutant type which is pesticide in the study basin. The
depth to water level map of the basin was prepared using
groundwater level measurements and the inverse distance
weight (IDW) interpolation method of ArcGIS Spatial
Analyst (Figure 2).
The amount of net recharge (R) in a basin can be
expressed as the amount of water infiltrated through the
unsaturated region into the aquifer (Al-Zabet, 2002).
In addition, the amount of net recharge is affected by
slope, land cover, soil permeability, and rainfall amount
infiltrating into the groundwater. It is accepted that
approximately 30–40% of the annual rainfall in a basin is
infiltrated into the aquifer (Baalousha, 2006). A (aquifer
media) is a unit that will yield adequate quantities of water
for use. These units include the pore spaces and fractures
where water is held. Therefore, the aquifer media influences
the groundwater flow. This flow path controls the rate
of contaminant contact in the aquifer (Aller et al., 1987;
Shirazi et al., 2013). Therefore, a hydrogeological map was
prepared by taking the hydrogeological characteristics of
the lithological units into the study area.
S (soil media) has a significant effect on the recharge
amount of environment. In particular, it is a parameter
that should be considered in determining groundwater
sensitivity in terms of controlling the movement of
pollutants in the vadose zone (Lee, 2003). In addition,
the presence of fine-textured materials such as silt and
clay can decrease relative soil permeability and restrict
contaminant migration. Soil media can be described in
terms of its textural classifications. In the study, soil map
of the basin was obtained from the Republic of Turkey
Ministry of Agriculture and Forestry. The soil map was
prepared using ArcGIS software.
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Table 1. DRASTIC rating and weighting values for the hydrogeological parameter settings.

DRASTIC parameters

Class

Rating value

Weight coefficients
(Delleur, 1999)
Pesticides

Depth to water (m)

Recharge (mm)

Aquifer media

Soil media

Topography (slope %)

Impact of the vadose zone

>10

2

<10-7

4

<7-4

7

10
5

5

20
35

<4

10

50

470–480

2

8

480–490

4

490–500

7

500–510

10

40

4

4

16
28

Aquifuge 1

1

3

Aquitard 3

3

9

Aquitard 2

5

Aquitard 1

7

Aquifer 2

9

27

Aquifer 1

10

30

3

3

15
21

Bare rock

9

18

Gravel

8

40

Gravel–sand

6

Sandy clay

2

10

Clay

1

5

5

2

12

0–2

10

30

2–6

9

27

6–12

5

12–18

3

3

1

5
3

>18

1

1

Metamorphic

1

5

Ophiolite

3

15

Silty clay–Clay

4

12

Claystone– Sandstone

5

Gravel

8

24

Limestone

9

45

Sand–Gravel

10

30

<10–7

1

2

3

5

25

–6

10 – 10

3

10–6– 10–5

5

10 – 10

7

14

10–4– 10–3

10

20

–7

Hydraulic conductivity (m/s)

DRASTIC

Total weight
(Rating × weight)

–5

–4

T (topography) is important in terms of the flow
rate of water on the land surface and transport degree of
pollutants in result. Depending on this, contaminants will

9
2

3

10

similarly leave the area as runoff, or settle into the soil,
eventually reaching the groundwater table (Brady and
Weil, 2002; Shirazi et al., 2013). In the study, topographic
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Table 2. DRASTIC index values (Delleur, 1999).
Contamination potential

Index values

Low

DI ≤ 100

Moderate

100 < DI ≤ 140

High

140 < DI ≤ 200

Very high

200 < DI

maps of 1/25,000 scale were measured with ArcGIS
software to evaluate the topographical characteristics of
the basin. A digital elevation model (DEM) was prepared

Figure 2. Depth to water level map.
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with a triangular irregular network (TIN) using digitized
maps and ArcGIS 3D Analyst. The slope map of the basin
was derived from DEM and slope ranges were assigned
with a rating from 10 to 1. The slope map of the basin
consisting of 10×10 m cells was prepared by using digital
elevation model.
(I) is the vadose zone composed of unsaturated or
partially saturated regions. The vadose zone is of great
importance in terms of filtering the precipitation and
superficial flow. In addition, it affects the passage and
decrease of the pollutants into the aquifer (Piscopo,
2001). In this study, the properties of the vadose zone
were determined by using the well logs obtained from

VAROL et al. / Turkish J Earth Sci
the General Directorate of State Hydraulic Works and the
geological map of the region.
C (saturated hydraulic conductivity) affects
groundwater movement within the saturated area.
Therefore, the transport of contaminants may be limited
depending on the saturated hydraulic conductivity. We
calculated the saturated hydraulic conductivity values by
using the pump tests performed in the wells. In addition,
conductivity values given in the literature were used for
the regions where there is no borehole (Hölting, 1984;
Erguvanlı and Yüzer, 1987). The rating values of the
DRASTIC model for this parameter ranged from 1 to 10
as shown in Table 1.
In addition, in this study, drastic index validation
was performed with the results of nitrate analysis of
groundwater. The nitrate concentrations of groundwater
in the basin ranged from 0.03 to 102.77 mg/L during Nov
2015.
3. Results and discussion
3.1. Development of the DRASTIC vulnerability index
(DVI)
In this study, seven maps were produced with GIS using
present hydrogeological data. Each DRASTIC parameters
were obtained from multiplying the rating values with
DRASTIC weight values (determined according to the
pollutant type). We used pesticide weight values for
alluvium and DRASTIC weight for the other regions.
Pesticide weights were specifically designed to address the
important processes offsetting the fate and transport of
pesticides in the soil (Wang et al., 2007). In the study area,
agricultural activities occur in the alluvium areas. There are
no agricultural applications of pesticide in the other areas
of the basin. The application of pesticides, when combined
with sensitive groundwater areas, can have a large impact
on the water quality. Agricultural contaminants such as
pesticides and nitrate will dissolve in the irrigation water
and infiltrate through the soil profile (Ahmed, 2009; Şener
et al., 2009). Thus, when the DVI was calculated, pesticide
weight was used for alluvium areas and DRASTIC weight
was used for the other areas of the basin. At the end, the
DRASTIC vulnerability index was calculated by ArcGIS
software using Eq. (1).
Evaluation of the DRASTIC vulnerability map was
carried out using groundwater quality data such as
nitrate, since high nitrate mainly originates from surface
sources like agricultural activities and urban pollution.
Moreover, the high nitrate content (>5 mg/L) usually
indicates anthropogenic contamination (fertilizers, farm
manures, septic tank, etc.). Hence, nitrate can be a good
water-quality parameter to evaluate the DRASTIC index
(Jamrah et al., 2008). In this study, groundwater from high,
medium and low vulnerability aquifer media was checked

for nitrate content. This evaluation was performed using
analysis results which were obtained by Varol et al., (2017).
Spatial distribution of nitrate (NO3) concentration was
prepared.
3.1.1. Depth to water
In the groundwater contamination studies, groundwater
depth should be known in order to know how far the
pollutants have traveled until they reach the aquifer.
Because the pollutant move relies on the soil media and
the water depth, this has an important impact on the rating
values of the parameters. The Salda Lake was formed in
tectonic cavity with the gathering of surrounding waters
and is in a closed basin. There is an alluvial unit around
the Salda Lake. Alluvium which is the most important
aquifer in the basin has an area of approximately 34.84
km2. The alluvium unit consists of gravel and sand levels in
the basin. The unit with this feature has a porous structure
and carries a good aquifer property. The aquifer thickness
reaches up to 100 m around Yeşilova (Varol et al., 2017;
2019). In the study area, the depth of the groundwater in
the alluvial environment around the lake varies between
0–13.20 m. The direction of groundwater flow in the basin
is towards the Salda Lake. The vulnerability ratings were
determined as 10 for depth <4 m, 7 for depth 4–7 m, 4 for
depth 7–10 m, and 2 for depth >10 (Table 1 and Figure
2). The areas with the lowest depth of groundwater were
the most risky areas. Therefore, it had the highest weight
value.
3.1.2. Net recharge
Pollutants threatening the quality of groundwater can
easily move within the unsaturated region depending
on the amount of water in the environment. Therefore,
high recharge indicates high pollution potential of
contamination. In the study area, the most important
source of recharge is rain. Four classes were determined
for rainfall map of the basin taking into consideration
the minimum and maximum rainfall data. For the Salda
Lake Basin, the average annual rainfall with the isohyetal
method was determined as 494.10 mm. The net recharge
map of the basin was prepared with distance-weighted
(IDW-Inverse Distance Weighted) interpolation method
using ArcGIS software. Accordingly, the northwest of the
basin generally received the highest rainfall. DRASTIC had
a rating value of 2 for low recharge rates and a rating value
of 10 for high recharge rates. We showed the net recharge
map in Figure 3 and the related information in Table 1.
3.1.3. Aquifer media
The alluvium (aquifer-1) unit was classified as granular
aquifer and it had the highest pollution potential.
Moreover, the karstic aquifer (aquifer-2) had high
permeability; therefore, it had the highest pollution
potential. In the weighting, permeability of each unit was
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Figure 3. Net recharge map of the Salda Lake Basin.

taken into consideration. Aquifer ratings were appointed
high weight value of 10 for aquifer-1 and 9 for aquifer-2
(Figure 4 and Table 1).
3.1.4. Soil media
According to the prepared soil media map, the basin was
evaluated in 5 different classes as clay, sandy clay, gravel,
gravel–sand, and bare rock. Due to its impermeable
properties, clayey areas had low potential for groundwater
contamination and had the lowest weight. The DRASTIC
rating values of soils are related to permeability and it
differs from 9 for bare rock to 1 for clay. We showed the
rating ranges of the different soil media in Table 1 and
Figure 5.
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3.1.5. Topography
According to this map, the basin was evaluated in 5 classes
as 0–2%, 2–6%, 6–12%, 12–18%, >18. The high slope areas
in the basin had the lowest weight as they allow the flow of
water on the land surface (Table 1 and Figure 6).
3.1.6. Impact of the vadose zone
According to the data obtained from drilling logs, there
are gravel, sand, clay, and silty clay units in the alluvium.
Gravel units were generally observed in the plain areas
around the Salda settlement area. Silty clay, clay, sand,
and gravel units were observed around the Yeşilova
settlement area in the east of the lake. There were sand and
gravel units around Doğanbaba in the north of the lake.

VAROL et al. / Turkish J Earth Sci

Figure 4. Aquifer media map of Salda Lake Basin.

Moreover, metamorphic, ophiolite claystone–sandstone,
and limestone units were observed in the study area. The
impact of vadose zone ranged from 1 to 10 as demonstrated
in Table 1. We gave lower rating value (1) to materials
having lower permeability (metamorphic unit), while the
sand-gravel units had the highest rating value (10). The
vadose zone map of the basin was shown in Figure 7.
3.1.7. Hydraulic conductivity
The saturated hydraulic conductivity values of the alluvium
unit to the west of the study area ranged from 1.20 × 10–7
(m/s) to 4.10 × 10–4 (m/s). Hydraulic conductivity values
were 10–3 (m/s) in limestones with high permeability and
<10–7 (m/s) in ophiolitic and metamorphic units. The areas

with high saturated hydraulic conductivity constitute risky
areas for groundwater contamination. Therefore, it has
high weight value (Table 1; Figure 8).
3.2. Assessment of DRASTIC vulnerability map
Seven parameter maps were prepared in a GIS environment,
and vulnerability classification of the basin was performed
using GIS techniques. The DRASTIC vulnerability index
was calculated using Eq. (1) and it ranged from 50 to
266 in the study area. According to data obtained from
hydrogeological investigations and field observations,
vulnerability classes of the study area were reclassified
into three classes, i.e. high (149–266), medium (103–149),
and low (50–103) vulnerable aquifer areas, which cover
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Figure 5. Soil media map of the Salda Lake Basin.

13.71%, 10.13%, and 76.15% of the basin, respectively
(Figure 9; Table 3). The risk map shows a moderate and
high risk of groundwater contamination where human
and agricultural activities are concentrated. In the rest of
the aquifer the absence of anthropogenic activities, placed
in high and moderate vulnerability zones, implicate a low
risk. According to this, alluvium areas in the north of the
study area, and areas in the west of the lake and the west
of the Salda settlement area have been identified as highly
sensitive regions. The large areas outside the alluvium in the
basin had low sensitivity. In general, karstic areas have been
identified as areas having moderate pollution potential.
According to the Salda Lake basin sensitivity assessment,
all of the groundwater in the area is at risk (Figure 9).
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3.3. DRASTIC index validation
The nitrate concentrations of groundwater ranged from 0.03
to 102.77 mg/L during Nov 2015. The nitrate concentration
of groundwater in Kayadibi well exceeded 50 mg/L in
both periods. In respect to health, maximum tolerable
nitrate concentration is 50 mg/L according to the World
Health Organization (WHO, 2008) and Turkish Standards
Institute (TSI, 2005). However, if nitrate concentration
is higher than 10 mg/L in groundwater, it indicates
anthropogenic contamination. The nitrate concentration
map of groundwater was created with ArcGIS software
and Figure 9 shows the spatial variation of the Dvi value
relation nitrate concentration. Nitrate concentrations were
measured in total 21 samples (7 wells and 14 springs) during
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Figure 6. Topography map of the Salda Lake Basin.

November 2015 (Varol et al., 2017). Nitrate concentrations
changed between 9.65 and 102.77 mg/L in wells and 0.9114.64 mg/L in spring waters. Wells (S1, S2, S11, S18, S21,
S24, S28) with the high nitrate concentrations were around
Yeşilova, Kayadibi, and Doğanbaba (Figure 9). Intensive
agricultural activities and livestock are carried out in these
regions. Nitrate concentrations of spring waters (S3, S4, S5,
S10, S12, S13, S14, S15, S16, S17, S22, S26, S27) were very
low (Varol et al., 2017). The discharge locations of spring
waters were in high vulnerability areas according to the
drastic index evaluations. However, most of these water
resources are far from agricultural pollution. It is thought
that nitrate concentrations in these water samples are
dependent on nonpoint pollutants such as fertilizer. As a

result, we can say that there is a relationship between the
nitrate concentrations of the wells and the DRASTIC index
results. The areas with low vulnerability were not in the
agricultural areas which were shown in Figure 9. Nitrate
concentration increased towards the lake depending
on direction of the groundwater flow and density of
agricultural activities. The “depth to water” map also shows
that the groundwater flow direction is towards Salda Lake
in the study area. Salda Lake coast is a very vulnerable area
due to surface and groundwater discharge towards the lake.
Fertilizer applications in agricultural areas around the lake
are an important pollutant for the Salda Lake. Therefore,
the nitrate contents of the Salda lake water increased with
rainfall and fertilizer application (Varol et al., 2017).
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Figure 7. Impact of vadose zone map of the Salda Lake Basin.

3.4. Determination of the Salda Lake protection zones
Conservation and sustainability of wetland basins can
be achieved primarily by determining surface and
groundwater bodies in terms of quality and quantity,
preserving their natural structures and ecological
characteristics. The protection areas of the Salda Lake basin
were determined taking into consideration “Wetlands
Conservation Regulation (WCR, 2014)” which is given by
the Ministry of Forestry and Water Affairs of Turkey.
In this regulation, it is mandatory that wetland basins
are not polluted; their natural structures and ecological
characteristics are preserved. Furthermore, it is necessary
to take prevention for the protection and development
of biological diversity in wetland basins according to the
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regulation. According to the regulation, activities which
contribute to sustainable use, protection, and development
of wetland basins will be supported. In this regulation,
protection zones are divided into five categories:
(1) Absolute protection zone (0–100 m),
(2) Sensitive protection zone (100–300 m),
(3) Buffer zone (300–700 m),
(4) Controlled use zone (700–1000 m) and
(5) Sustainable use zone (1000 m <).
Detailed information about the protected areas of
Salda Lake basin is given below.
3.4.1. Absolute protection area
The absolute protection zone is an important breeding
area for rare and endangered bird species, where there are
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Figure 8. Hydraulic conductivity map of the Salda Lake Basin.

natural plant species that need to be protected and human
activities are not available. The absolute protection zone
of the Salda Lake was divided with a horizontal distance
of 100 m from the maximum water level (Figure10).
Agricultural activity and new buildings should not be
allowed in the absolute protection zone. Existing trees
and all plant species must be preserved. The wastewater
of all existing settlements in this area should be collected
in a sealed septic tank and disposed of in suitable
environments. In addition, the “Green Belt” is formed at
a horizontal distance of 30 m from the maximum water
level in the absolute protection area in order to preserve
the hydromagnesite formation in the Lake Coast and
springs recharging to the lake. In the arrangements in this

area, concrete coating should not be used and the land
should not be acquired by filling and drying. In addition,
structures other than wood-prefabricated teahouse or
canteen and dressing cabin are not allowed in the beaches.
3.4.2. Sensitive protection zone
This region is a designated area to preserve the current
character of the wetland basin ecosystem. The sensitive
protection zone for the Salda Lake was defined as a
horizontal distance of 300 m from the absolute protection
zone (Figure 10). Industrial enterprises, tourism facilities,
or mining activities for the casting, storage, and disposal
of all kinds of solid and hazardous wastes should not be
allowed in this area. It is recommended to filter the surface
water flow in the existing highways in this area. In this
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Figure 9. The spatial variation of the Dvi value relation nitrate concentration.

zone, reed cutting and bottom sediment cleaning can be
done with permission of the General Directorate to ensure
the continuity of the Lake Mirror and rehabilitation of the
area.
3.4.3. Buffer zone
The buffer zone is the distance between 300 m and 700 m
from the sensitive protection zone boundary. This zone is
determined as per geographical condition, topographic
characteristics, and current land use of the basin. This
zone cannot exceed 2500 m in flat areas. According to
the regulation, it is not allowed to establish a solid waste
landfill, solid waste disposal facilities, and an industrial
zone in the buffer zone (Figure 10).
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Table 3. Classes of aquifer vulnerability based on the DRASTIC
Vulnerability Index.
Classes of aquifer vulnerability

Low

Medium High

DRASTIC vulnerability index

50-103

103-149

Spatial distribution in the basin 76.15% 10.13%

149-266
13.71%

3.4.4. Controlled use zone
This zone is a region where human activities are intense.
In this zone, necessary preventions should be taken to
minimize the negative effects of human activities on
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Figure 10. Salda Lake wetlands basin protected zones.

wetland basin ecosystem. This zone is area covering
a horizontal distance of 1000 m from the buffer zone
boundary (700 m) (Figure 10).
3.4.5. Sustainable use zone
This zone is defined as the area where economic activities
of such as fishing, reed, peat extraction, forestry, gathering,
agriculture, and livestock are allowed. It is a horizontal

distance to basin boundary from 1000 m (Figure 10).
According to the Regulation on the Protection of Wetlands,
any kind of activities that do not harm natural resources
can be allowed in this region.
Accordingly, the DRASTIC vulnerability index study
showed that the human and agricultural activities around
the Salda Lake take place in areas with moderate and high
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sensitivity to groundwater pollution. Therefore, all kinds of
pollution in these regions will cause pollution of the Salda
Lake. In addition, Figure 10 shows that these agricultural
activities within the basin are within the boundaries of
“controlled zone” and “sustainable use zone” determined
by the ministry. As a result, the DRASTIC index values
determined by the ministry appear to be compatible, but
further measures should be taken for the protection of the
Salda Lake and groundwater in the future, supervision of
agricultural activities and revision of protected areas.
4. Conclusions
Groundwater in the Salda lake basin is very important
since it supplies the majority of human consumption
water and recharge to Salda Lake. Therefore, this study
aimed to examine the groundwater vulnerability of the
Salda Lake by using the DRASTIC method in a GIS
environment. Seven parameters mentioned before
were used for this purpose in the Salda Lake basin. The
DRASTIC Vulnerability Index was calculated between 50
and 266. By using a quantile classification method, these
values were divided into three classes, high (149–266),
medium (103–149), and low (50–103) vulnerable aquifer
areas which cover 13.71%, 10.13%, and 76.15% of the
basin, respectively. The groundwater nitrate concentration
was examined for confirmation of the DRASTIC results.
The nitrate concentrations of groundwater (well) which
are located in the regions having moderate and high
DRASTIC index were high in the basin and these areas
were highly vulnerable aquifers. Nitrate concentration

increased towards the lake depending on direction of the
groundwater flow and density of agricultural activities.
In the Salda Lake basin, groundwater and surface
water flows are towards the Salda Lake. Therefore, any
pollutant in the groundwater and surface water reaches
the lake. The sustainability of the Salda Lake depends
on the protection of the surface and groundwater in the
basin. For this reason, protection areas for the lake were
determined and the pollution status of the groundwater
in these areas was evaluated together. It was determined
that all areas having moderate and high drastic index
around the lake reached up to the controlled protection
zone of the Salda Lake. In other words, all of the
protected areas determined for the Salda Lake had high
drastic index value. In addition, the nitrate analyses
of the groundwater showed that alluvium aquifer was
more sensitive to pollution. Human and agricultural
activities must not be allowed in the alluvium aquifers
around the lake coast within absolute protection area.
Knowledge of the highly vulnerable zones is important,
and the local authorities are recommended to manage
and monitor groundwater resources properly for Salda
Lake protection.
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